Fitnox is a newly developed dietary ingredient for physical endurance composed of the extracts of Moinga oleifera leaf (45-50%), Kaempferia parviflora (black ginger) root (15-20%) and Punica granatum peel (25-30%). The aim of this study was to assess the subchronic oral toxicity of Fitnox (test substance) -in Wistar albino rats. Forty rats equally divided into 4 groups (control male, control female, treatment male and treatment female) administrated the test substance at 1000 mg/kg per rat daily for 90 days. All the animals were observed for body weight, mortality and clinical observations during the entire study. Results revealed no significant changes between the control and Fitnox treated groups. Based on the results, it was concluded that orally administered Fitnox to rats (dose of 1000 mg/kg per rat, orally-90 days) is safe with no drug-related toxicity was observed during the study period. Thus, the no-observed adverse effect level (NOAEL) for the present study is evaluated to be 1000 mg/kg body weight in both the sexes.
Introduction
Subchronic studies evaluate the toxicity results of the natural products on animals like rodents and its adverse effects. These studies also provide the data of the target organs in which the product adversely affects and helps to assess the no observed adverse effect level (NOAEL). The information obtained from the subchronic studies could be used for the dose protocols for the long-term examinations. Hence, in this study we tried to evaluate the subchronic toxicity of Fitnox which contains extracts of moringa leaf, Kaempferia parviflora (black ginger) root and pomegranate peel in rats at doses of 1000 mg/kg/day for 90 days.
Kaempferia parviflora (K. parviflora) is an herbal plant that has been used by athletes to delay fatigue and improve physical fitness [1] . In addition, Sudwan et al. tested the toxicity of black ginger ethanolic extract at doses of 60, 120 and 240 mg/kg extract body weight of male rats for sixty days and the impact on the sexual activity. The findings revealed that all male rats groups had remarkably higher mating activity while the toxicological analysis showed no significant changes in hemoglobin, white blood cells (WBC) or differential cell count. No negative effects on renal and hepatic functions were observed at any doses, as assessed by typical values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine and blood urea nitrogen (BUN) [2] . Another study evaluated the safety of chronic K. parviflora ethanol extract ingestion in Wistar rats (both male and female) at different doses for six months. The body weight measurements revealed that K. parviflora extract at highest dose of 500 mg/kg have considerably lowered the body weight of male rats when compared with control groups. While hematological parameters were within the normal range in both the sexes. Triglyceride levels had decreased significantly in male rats with highest (500 mg/kg) dose of K. parviflora extract but the glucose and cholesterol levels were increased in female rats receiving the same dose than their control vehicles. Histological evaluation of vital organs showed no notable toxicity related to the black ginger extract [3] .
Moringa oleifera (M. oleifera) leaves have been reported to possess potential hypotensive and hypocholesterolemic and hypoglycemic activities and the toxicological studies showed that M. oleifera leaves extracts are safe. Awodele et al. conducted an acute toxicity study using M. oleifera leaves extracts in male Wistar albino mice by oral and intraperitoneal administrations up to 6400 mg/kg and 2000 mg/kg respectively. A 60 days oral sub-chronic toxicity test was performed using 250, 500 and 1500 mg/kg doses daily. Clinical biochemistry, hematological and histopathological examinations were showed no toxicity, suggesting that the water extract of M. oleifera leaf was safe by oral administration [4] .
In an acute oral toxicity study by Adedapo et al., a safety evaluation of aqueous extract of M. oleifera leaves was carried out by the acute toxicity test with male Wistar rats. The extract did not show any animal death even at 2000 mg/kg dose level [5] . Moreover, the report of Asiedu-Gyekye et al. suggested that the water extract of M. oleifera leaf is non-toxic even at high dosage of 5000 mg/kg [6] . These results may evident that the aqueous M. oleifera leaf extract up to 2 g/kg dose was non-lethal, as orally administrated 2 g/kg dose was described to be the upper limit for acute toxicity studies for medicinal plants [4, 7] .
Pomegranate (Punica granatum or P. granatum) is an interesting field of research because of its constituent's bioactivities especially due to the high content of polyphenols. Pomegranate peel and their extracts are utilized for the synthesis of various nanoparticles particularly silver nanoparticles in normal conditions [8] . Although, the in-depth toxicity studies of P. granatum has not been conducted. Common consumption and multiple safety investigations have demonstrated that pomegranate fruits are not toxic [5, 9, 10] . Pomegranate peel containing much more polyphenols, which are major source of antioxidants and can be used for anti-inflammatory, antitumor, anticancer molecules and regulating blood fat [11] . The methanol extract of pomegranate peel has been efficient to improve the activity of hepatic enzymes such as catalase, peroxidase and superoxide dismutase which have involved in resisting reactive oxygen species (ROS). Moreover, histopathological studies revealed that feeding of the pomegranate peel extract inhibited the CCl 4 toxicity on the liver due to the polyphenols present in the extract [12] . The toxicology studies of the methanol extract of P. granatum peel in BALB/c mice showed no toxicity when administered orally up to 7.5 mg/kg [13] . Similarly, the methanol extract of P. granatum peel tested on brine shrimp assay and the results indicated that the extract had a LC50 value of 1.42 mg/mL [14] . In another study, 731 mg/kg was the LD50 value of the ethanol P. granatum fruit extract after intraperitoneal injection in mice [10] .
Fitnox is a unique blend of three, M. oleifera leaf, P. granatum peel and K. parviflora extracts entrapped in a natural matrix developed by Aurea Biolabsas as described in our earlier studies [15, 16] . This dietary ingredient has been shown to enhance the nitrate, nitrite, red blood cell (RBC) and dopamine levels in before and after exercise periods and may increase the physical endurance and stamina [15, 16] . A study in humans showed that consumption of Fitnox for 22 days resulted in no adverse effects [15] . The aim of the study described here, was to evaluate the 90 days sub-chronic oral toxicity effects of Fitnox, in Wistar rats.
Materials and methods

Test products
The test ingredient, Fitnox, developed by Aurea Biolabs consists of the extracts of moringa leaf (45-50%), black ginger (15-20%) and pomegranate peel (25-30%) and was formulated by the Polar Nonpolar Sandwich (PNS) technology [17] as previously described [15] . In brief, M. oleifera leaves were extracted using aqueous ethanol and K. parviflora rhizomes were extracted using ethanol. Methoxy flavones in the black ginger extract was enriched by re-purification and these two extracts were spray dried with water extract of pomegranate peel to obtain the product with layered matrix. The stability of Fitnox is up to 10 months. The tested sample contained total methoxy flavones (10.5%) form black ginger, total polyphenols (13.6%) from pomegranate peel and total saponins (22.2%) from moringa extracts.
Ethics and approvals
The study was conducted in complains with Organization for Economic Co-operation and Development (OECD) OECD C (97)186/ 
Animals and study procedure
Five weeks aged male and female Wistar rats were obtained from Biogen Laboratory Animal Facility, Bengaluru (971/BC/06/CPCSEA). Body weight ranged from 100 to 160 g for males (n = 20) and from 110 to 140 g for females (n = 20). Animals were caged in stainless steel wire mesh cages (maximum of three animals in a cage) under standard laboratory conditions. The animals were provided food with laboratory animal feed ad libitum produced by Pranav Agro Industries Limited, Sangli, Maharastra till the end of the acclimatization, treatment and recovery periods. Water was provided in plastic containers fitted with stainless steel sipper tubes was provided ad libitum. The temperature and relative humidity were noted daily once.
An online randomization program (http://www.randomization. com) was used for the selection of animals by body weight was conducted by on the last day of acclimatization, such that mean body weight difference of rats did not exceed ± 20% of the mean body weight of each sex. The forty animals were divided equally into four groups -Group G1 (control male), G2 (control female), G3 (treatment male, Fitnox, 1000 mg/kg) and G4 (treatment female, Fitnox, 1000 mg/ kg).
Fitnox and the control (starch) were administered orally. In the present study, a maximum dose of 1000 mg/kg body weight/day were chosen for assessing repeated dose toxicity. The required quantity of test substance was prepared freshly on daily basis by mixing with distilled water by stirring to maintain homogeneity. Rats were administered the test substance suspension or control (10 ml/kg body weight/ day) once daily till the end of the study. Body weight was determined before administration and thereafter every week till 90th day. The volume of prepared formulations varied depend on the weekly measured body weights of the animals. All the animals were monitored at 2, 4 and 24 h after dosing and there after daily once for mortality throughout the study (i.e. 90 days). The physical and gross behavioral were examined every 7 days of treatment.
All the rats were monitored once daily to examine clinical observations and twice daily for mortality and morbidity. Detailed clinical observations were conducted prior to the first exposure (pre-dose) and once a week there after. All the animals were assessed for the following clinical signs: changes in eyes, skin, fur, mucous membranes, secretions and excretions, autonomic activity and changes in gait. Also, behavioral examinations such as posture and response to handling were carried out for all animals in control and treated group prior to beginning the test item administration and every 30 days during the study. These behavioral examinations included the muscle movements, stereotypies, repetitive circling and bizarre behaviors were also noticed. Daily feed intake was analyzed from total food consumption over one week.
Functional observation and neurological examinations such as optical response, proprioception and auditory response was conducted in 30-day intervals on all existing rats throughout the 90 day study. Locomotor response using actophotometer and grip strength assessment using rota rod apparatus also examined at the 90th day. Grip strength was assessed using a rota rod apparatus (VJ Instruments, Mumbai, India).
After the completion of the experiment, rats were fasted overnight and anesthetized on day 91 and blood was taken from retro-orbital plexus puncture. Blood samples were collected in tests tubes with anticoagulant dipotassium ethylene di-amide tetra acetic acid (K2-EDTA) and stored at 4°C till carried out the hematology tests. Similarly, the blood samples collected for clinical biochemistry tests were centrifuged at 3000 rpm for 10 min to obtain clear serum and kept at −20°C till analyzed.
Clinical biochemistry and hematological tests
Clinical biochemistry tests included the following parameters-serum glutamic-pyruvic transaminase (SGPT), γ-glutamyl transpeptitase (GGT), autologous conditioned plasma (ACP), bilirubin, total protein, albumin, blood urea nitrogen (BUN), glucose, cholesterol and triglycerides were analyzed. Hematology testing parameters were analyzed using Sysmex, KX-21 hematology analyzer. These analysis included parameters such as white blood cell count (WBC), lymphocytes, monocytes, granulocytes, red blood cell count (RBC), hemoglobin, hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets, plateletcrit (PCT), mean platelet volume (MPV) and platelet distribution width (PDW).
Histopathology analysis
Following humanly sacrifice, organs from all animals were collected and trimmed off any adherent tissue for the necropsy examinations and dehydrated. The paraffin-embedded tissues were sliced into 5 μm thick sections and stained with hematoxylin and eosin (H&E) for histopathological evaluation for both control and test groups. The microphotographs were taken and examined the various organs tissue architecture.
Statistical analysis
The obtained raw data were statistically analyzed using Graph Pad Prism software. The data on body weight and body weight gain, feed consumption, hematological and clinical biochemistry calculations were conducted statistically using Two-way ANOVA with Tukey post hoc test for difference between baseline and 90 days, between control and intervention group. All analyses and correlations were assessed at 95% level of confidence (p < 0.05). All the values were expressed as mean ± standard error of the mean (SEM). The statistically significant changes obtained for all tests are summarized in tables.
Results
During the entire study, oral dose of Fitnox produced neither product-related indications of toxicity or drug related death in any of the animals. There were few clinical signs noticed across all the treatment groups during the experiment period. The nasal discharge, which was evident in most animals, was not considered to be a treatment-related effect due to the pungent odor of the test item. There was no abnormal and stereotypic behavior in posture and clonic or tonic movements observed.
Functional observational series and neurological evaluation
The following functional observations and neurological evaluations were analyzed during the last week of the experiment period for treated animals: auditory response, visual response, proprioception and grip strength assessment using wire mesh (Cage grill). There is no abnormal changes observed in both control and test groups during these observations. Results of muscle grip strength by rotarod apparatus and locomotor by actophotometer are given in Figs. 1 and 2 . No abnormal alterations were noticed in any of the values of neurological evaluation and functional observations of the animals across all the treatment groups during the study period. Statistically difference between control intergroup were shows non-significant. 
Gross behavioral examinations
Behavioral examinations were carried out for all animals in control and treated group prior to the test item administration and every 30 days during the study. No abnormal changes were observed for various parameters of neurological evaluation and functional observations of the animals across all groups during the study period. Statistical difference between control intergroup were showed non-significant.
Body weight
The summary of weekly body weight calculations of male and female rats are presented in Fig. 3 . No Statistically significant differences in body weight gain were observed.
Clinical biochemistry
The summary of serum clinical biochemistry results are presented in Table 1 . No statistically significant changes were detected in the clinical biochemistry parameters in males of treatment groups compared to male control animals and female treatment groups compared to female control animals.
Clinical pathology and chemistry
The summary of hematological parameter estimations of male and female animals are presented in Table 2 . There were no statistically significant changes detected in hematological parameters between male or female animals and their respective treatment groups. But statistically significant (p < 0.01) increase noticed in platelets in Fitnox for male rats (414.33 × 103 μl) than control male rats (257.67 × 103 μl). Similarly, statistically significant (p < 0.01) increase observed in platelets in Fitnox for female rats (378.67 × 103 μl) than control female rats (293.33 × 103 μl).
Histopathology
Histopathological examinations were conducted for liver, kidney, brain, heart, spleen, adrenal gland, testes and ovaries (Figs. 4 and 5) . The stained sections were subjected to detailed histopathological examination by the pathologist. There were no test product related adverse changes in any of the organs examined from both sexes at the treated group. Histopathological examination did not reveal any abnormalities. All the animals survived throughout the 90 day intervention period.
Discussion
Ayurveda has been long practiced in India as it is inexpensive, comfortably obtainable and Ayurvedic herbs are relatively safe. Additionally, there is an instant growth in the concern of Ayurveda due to the exploration for other possible options. In the Ayurvedic practice, herbal combinations are often utilized to increase the biological activity of biomolecules or prevent the adverse/toxic impact of compounds Values are in Mean ± SEM, ns: not significant. Values are in Mean ± SEM, ns: not significant. ** significant at p < 0.01.
[ [18] [19] [20] [21] [22] . Oral administration of Fitnox at a dose of 1000 mg/kg/day for 90 days showed no treatment related signs of toxicity or mortality in either sex. The body weight of male and female rats gradually increased during the study and the final day body weight of male (184 g) and female (143 g) are similar with that of the controls (Fig. 3 ). There were no significant variations in food and water intake of the test animals during the 90-day treatment period when compared to the control groups, suggested that Fitnox did not create any variations in fat metabolism, carbohydrate or protein in animals. The significant increase in food and water intake is taken into account as being accountable for the increment in weight gain in animals [1] . The weight alterations are the foremost receptive indicators of the final health standing of animals [23] . It is clear that the Fitnox didn't seem to interfere with the usual metabolism of animals as nonsignificant changes observed from tested animals with the control groups. Weight loss is mainly happens due to the loss of appetite which leads to the disturbances of the metabolism of carbohydrate, protein or fat [24] .
Hepatic and renal function analysis is a necessary thing within the toxicity analysis of any plant extracts as they are important for the functioning of an organism [25] . Impact of Fitnox in liver and kidney functions was assessed by the analysis of the serum hematological parameters and clinical biochemistry analyses. These results are depicted in Tables 1 and 2 . In clinical biochemistry parameters (Table 1) , the serum glutamic-pyruvic transaminase (SGPT) and gamma-glutamyl transpeptidase (GGT) changes are not significant in both control and tested animals in both sexes. In male group SGPT values were decreased to 55.67 U/I when compared with control (61.67 U/I) and in female group it was slightly increased from 61 U/I (control) to 64.67 U/I. (test group) Similarly, GGT values also slightly increased in both sexes. High levels of SGPT and GGT are the indicators of liver diseases or hepatotoxicity [26] and the nonsignificant changes in SGPT and GGT in both male and female rats at all groups propose that oral administration of Fitnox does not disturb the liver function in the rats. A slight increase observed in total protein in male rats (5.53 mg/dl for control and 7.2 mg/dl for test) and albumin in both male (2.4 mg/dl for control and 2.43 mg/dl for test) and female (2.6 mg/dl for control and 2.83 mg/dl for test) as compared with the control, may be a sign of the increased synthetic function of the liver. Low serum albumin is due to the infection or continuous loss of albumin [27] , thus, these nonsignificant results of Fitnox treated groups additionally recommended that the extract has no adverse effects on the hepatocellular functions of the liver. Moreover, there were no significant changes in glucose and cholesterol indicates the safety of the Fitnox. BUN measurements give rise to a view of kidney dysfunction and the values were slightly decreased in both sexes and nonsignificant. The lower BUN levels in tested animals compared with the controls indicated the well-functioning of the renal systems [28] .
Effect of Fitnox on hematological parameters is given in the Table 2 . The assessment of hematological parameters can be used to decide various status of the body and to assess stress due to inflammations. These results also gives the scope of the harmful effect of Fitnox on the hematopoietic system. These hematological evaluations help to predict the toxicity in human and the changes in the hematological values in animal studies can be effectively transferred to the human toxicology [29] . Table 2 indicates the non-significant effect of the Fitnox on hematological parameters such as RBC, WBC and hemoglobin. The nonsignificant changes in these parameters in both sexes revealed that Fitnox does not have any adverse effect in body. Lymphocytes values slightly increased in male (70% as compared with 61%) and in female (67% as compared with 51%) after the administration of Fitnox. This increment in both the sexes may suggest that Fitnox helps the immune system by the responds to inflammatory process. Similarly, monocytes and granulocytes values also did not show any significant changes when compared with the control groups, validated the above findings. So it is clear from the hematological parameters that Fitnox is not only safe but helps the immune response system also.
Histological sections of the visceral organs (liver, kidney, brain, heart, spleen and adrenal gland) and reproductive organs (testes and ovary tissues) after the oral administration of Fitnox are shown in Figs. 4 and 5 respectively. The morphology, cell structure and functions of the animal organs did not show any unfavorable effects, indicates Fitnox is not toxic. Same way, no abnormalities in histopathology were noticed in the microscopic analysis of the vital and reproductive organs in control groups. As discussed above, the non-significant increases observed in bilirubin, SGPT and GGT values (Table 1) conforms histopathology results and administration of Fitnox did not alter hepatocytes and metabolism in liver. Similarly, the non-significant BUN values in the subchronic administration of Fitnox revealed the safety of the formulation to functional nephrons. The histological sections of kidney tissue showed no abnormalities and justified the above findings. Hence, the results recorded in this study demonstrate that Fitnox can be considered as safe as it did not cause adverse changes in vital or reproductive organs.
Natural products, such as extracts of K. parviflora, P. granatum peel and M. oleifera leaf have been the used to treat many inflammatory conditions. The current subchronic study was attempted to assess the toxicity of Fitnox in rat model for 90 days. Hence, in this study, Fitnox at a dose of 1000 mg/kg/day had no adverse effect on the tested rats up to 90 days of observation.
Conclusion
Fitnox did not produce any mortality at 1000 mg/kg per oral dose, nor did it produce any observable toxic effect, or significant changes in mean body weight. Based on the observations recorded over the course of the 90 day study, it can be found that Fitnox has no toxic potential even at the oral dose of 1000 mg/kg in rats. There were no biologically significant, treatment related adverse effects on body weights, food consumption, hematology and clinical biochemistry parameters of animals at all groups when compared to control groups. Similarly, there were no test product related histopathological changes in treated animals of either sex. There were no treatment related adverse outcomes in any of the organs analyzed from either sex in. Hence, the NOAEL (NoObserved Adverse Effect Level) for the present study could be 1000 mg/ kg body weight for both the sexes.
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